ABSTRACT DKD-R 6-1: 2014 is a widely used reference document in pressure measuring device (PMD) calibration. the calibration is based on the reference (STD) reading or the unit under test (UUT) reading, according to the DKD-R 6-1: 2014 clause 7 Calibration Method. Therefore, in this research, calibration of barometer as one of easier to be performed since UUT has less digit resolution than the reference standard. However, the reading stability of the reference standard needs to be taken into account since it has more digit resolution in order to get more accurate measurement results. tekanan, barometer, kalibrasi, DKD-R 6-1: 2014 
INTRODUCTION
Pressure measurements are important in many industries, for example in oil and gas (Lin & Liang, 2012) , blood pressure measuring in distribution systems (Yoo, Chang, Jun, & Kim, 2012) . Even, pressure measurement is used for predicting tsunami's maximum height and weather forecasting methods (Igarashi et al., 2016) . Therefore, an accurate measurement of There are many types of instrument used to measure pressure, which usually called as pressure measuring devices (PMD). Recently, electromechanical pressure gauges are used as the reference pressure devices in many industries, instead of using pressure balances or dead weight tester (DWT).
Pressure gauges with digital outputs are measuring device (PMD) due to its usability and However, when pressure gauges are used as using a higher accuracy class pressure gauge or by using dead weight tester for more precise and accurate pressure measurement (Islam, and calibration of PMD has been described clearly in DKD-R 6-1: 2014, BS-EN 837-1, and EURAMET/cg-17/v.01. In the DKD-R 6-1 point 7 for pressure gauge calibration method, it is said that the comparison of the reference standard or working standard (STD) with the unit under test (UUT) can be performed in of the pressure according to the indication of the pressure according to the indication of the standard (DKD, 2014) . However, there is no further explanation about discrepancies results between both calibration methods, neither in the DKD-R 6-1: 2014 nor in any scientific publication.
The purpose of this paper is to analyze the nominal pressure alternately. Instead of DWT, a high accuracy class of digital manometer is used as STD to compare with the reading from digital Some comprehensive investigation and recommendation will be made since many calibration laboratories perform calibration of PMD using PMD with digital outputs as the reference standard.
THEORY
A barometer measures the air pressure of the Earth's atmosphere. The atmospheric pressure is generated by the Earth's gravity acting on mass of air in the atmosphere. The atmospheric pressure depends on the local environmental conditions such as air temperature, altitude, and weather pattern (Fitzgerald & Jack, 2008) . Ueki, & Kaneda, 2005) , mechanical aneroid instruments to resonant sensors made using silicon fabrication technology (Cheng et al., 2014) . Digital barometers are commonly used in the industry recently due to its usability and versatility. All digital barometers have pressure transducer that converts the force generated by the pressure into an electrical signal using analog-digital converter (ADC). The most common type of transducer is a thin metal diaphragm with the atmospheric pressure on one side and a vacuum on the other side. The changing atmospheric pressure deflects the diaphragm. Currently, the best performing the applied pressure. The installation set up for PMD, including barometer calibration, is basically described in Figure 2 (EURAMET, 2017). Reference standard (1) is connected with the instrument to be calibrated or UUT (2). Between them, there are two valves, which one valve (4) as or isolating with the open atmospheric pressure.
for supplying the pressure from the pressure source (6) or for vacuuming the system through the vacuum pump (7). A volume regulator (5) the calibration. Vacuum gauge is necessary to measure the residual pressure of the system after being evacuated using vacuum pump (EURAMET, 2017).
METHODOLOGY
In this research study, multicalibration o f t h r ee d i gi t al b ar o m et er s ( Vai sa la PTB220AAC2A1A2BB, Vaisala PTB200AD, hPa are performed using Reference Pressure Monitor RPM4 A160k manufactured by DH Instruments, Inc. (now manufactured by Fluke) as the reference standard. The measurement takes three cycles with eleven measurement points and interval step of 20 hPa.
The calibration is performed alternately using two methods, refers to the DKD-R 6-1: 2014 point 7 for pressure gauge calibration method. In the first method, the pressure indication of the RPM4 A160k as the reference each measurement point, as shown in Figure 3 and Figure 4 . The UUT reading is taken after the RPM4 A160k reach the nominal target pressure and stabilized, indicated by the rate of pressure 0,000 hPa per second. Height zero in order to eliminate head correction, even the nitrogen gas as the pressure medium.
In the second method, the pressure indication each measurement point. Since the UUT consists of three digital barometers, one of the UUTs is case is Vaisala PTB220AAC2A1A2BB (marked as red dotted line), as shown in Figure 6 . The reading is taken after pressure is stabilized, indicated by the "OK" on the Vaisala LCD display, also after RPM4 A160k indication is stabilized.
Error and uncertainty are calculated based below. implies the uncertainty of UUT from its resolution, while standard p implies the uncertainty of STD from traceability of the STD itself, along with the instability of STD from recalibration history. Uncertainty of the resolution from the STD is already included the uncertainty of STD, therefore it does not need to be recalculated again. Other components, noted with , gives uncertainty contribution, which comes from repeatability, zero deviation, and hysteresis. Reproducibility can also be included if there is different treatment in
RESULTS AND DISCUSSION
From three measurement cycles with eleven measurement points and interval step of 20 hPa, the average reading of the STD and the UUT from Method 1 and Method 2 are described in Table 1 . Bold marks on the reading values nominal pressure. The indication reading of the STD (RPM4 A160k) in this case has been calibration results using pressure balance DHI PG7601 as the primary pressure standard. From reading to the nominal pressure is far more UUT reading to the nominal pressure in each measurement point is easier and more practical. The measurement results from the both methods (Method 1 and Method 2) are shown in Table 2 and Table 3 Table 4 and Table 5 respectively.
It can be seen that both methods have the same uncertainty components according to the reference document DKD-R 6-1: 2014, which are standard, resolution, zero deviation, repeatability, hysteresis, and reproducibility.
Hysteresis is added into the uncertainty budget since the measurement results using an average reading from both increasing and uncertainty evaluation is calculated from the error or deviation between UUT and the reference standard instead of the UUT reading. This is because the indication of UUT depends on the reference standard. The indication of the in each measurement due to the room condition or the reference standard instability. For more investigation regarding repeatability from the error or correction, it will be made in the future paper publication.
From Table 4 and Table 5 , it can be seen smaller uncertainty compared with the Method 2 nominal pressure of 1050 hPa. The uncertainty of repeatability and hysteresis from the Method 1 is smaller compared with Method 2, as the STD is more stable than the UUT when used as from the similarity of the calibration results from both methods, it shows that Method 2 gives calibration result nearly as well as Method 1.
As described before, the indication reading of the reference standard RPM4 A160k in this case has been calibrated and corrected from balance DHI PG7601 as the primary pressure standard. The calibration result of the RPM4 A160k is presented in Table 6 . Therefore, it can also be concluded that the measurement result of the barometer in this study is traceable to SI unit since the reference standard RPM4 A160k used for calibration has been calibrated at first using pressure balance as the primary pressure standard and Sums has been corrected in the analysis of barometer measurement result.
CONCLUSION
A comprehensive study of two methods in calibrating barometer, one of pressure measuring device, based on the DKD-R 6-1: 2014 article 7 has been done in order to analyze to the indication of the reference standard or according to the indication of the UUT in pressure measuring device calibration, and to investigate discrepancies results between both calibration methods.
From the results and analysis, it can be concluded that both Method 1 and Method 2 0.01 hPa, relevant with the expanded uncertainty claim of 0.06 hPa at 850 hPa and 0.05 hPa at 1050 hPa respectively. Therefore, for pressure measuring device calibration, both methods can be performed independently. Method 2 is easier and more practical to be done, especially for many calibration and laboratory tests. However, the reading stability of the reference standard need to be considered in order to get more accurate measurement results.
